ABSTRACT. The constitution of ependyma derived from the ventricular zone is different from that derived from other regions of the central nervous system. In the mammalian cerebrum, the ependyma is varied by the regions to cortex or basal ganglia (BG). In the avian telencephalon (Tc), previous studies about the constitution of the ependyma have not revealed clear findings. In the present study, we performed immunostaining of ependymal cells in the chicken Tc to confirm differences in the ependyma of various regions. As a result, 4 patterns of ependyma were defined in the outer side of the lateral ventricle. In the base of the lamina pallio-subpallialis (LPS), ependyma consisted of vimentin/glial fibrillary acidic protein (GFAP) double-positive cells, whereas in the base of the lamina frontalis superior, it consisted primarily of vimentin-positive cells and a small number of vimentin/GFAP double-positive cells. With the exception of the above, the pallial ependyma was a single layer containing vimentin single-positive cells. Lastly, the ependyma of the BG was rich in vimentin single-positive cells. The constitutional differences of the ependyma of the pallium and BG concerned differences in ependymal morphology and cell characteristics. These finding suggest that the bounder between pallium and BG is LPS at the point of ependyma.
Ependymal cells located along the ventricles have numerous functions and have always been considered glial cells, especially, being more related to astroglial cells, an intermediate between ependymocytes and astroglial cells known as radial glial cells [3, 10, 18, 26] . Ependyma is derived from the proliferative ventricular zone (VZ) where ependymal cells develop from radial glial cells. The ependyma in neurogenetic regions of adult vertebrate brains contains various types of cells [2, 4, 6, 20] . In various vertebrates, these cells all contain the intermediate filament vimentin (Vim) [17, 24] . In adult mammals, it is reported that glial fibrillary acidic protein (GFAP) is contained in not only mature astrocytes [17, 18] but also a part of ependyma [8, 11] .
The cerebrum of mammals is composed of the basal ganglia (BG) located in the ventral region of the lateral ventricle (LV) and the cortex that wraps around the BG. It has long been recognized that pallial regions in the avian telencephalon (Tc) correspond to the cerebral cortex in mammals but are confined to the surface in avian specimens as most avian Tc is just hypertrophied BG [1, 9, 15] . However, recent neurochemistry, hodology, neurogenesis, and functional studies have revealed that most avian Tc exists in the region that was previously thought to be the basal ganglia, but is in fact homologous to the mammalian cerebral cortex [14, 21, 22] . Therefore, the Avian Brain Nomenclature Forum has recommended changing the name of some Tc regions [13, 23] . In our previous study, on the basis of the distribution of glial elements, chicken Tc was divided into the BG and the pallium. The pallium was further sub-divided into 4 compartments [27] .
Here, we examined the expression of Vim and GFAP to investigate the differences in chicken ependymal elements according to Tc region. In addition, we also compared the compartments of the Tc.
MATERIALS AND METHODS

Animals and tissue preparation:
Three White Leghorn chickens 30 days post-hatch were used. All experiments were conducted in compliance with the guidelines of the Animal Care and Use Committee of Tottori University and the AVAA Guidelines on Euthanasia.
Animals were deeply anaesthetized with diethyl ether and perfused transcardially with a solution of 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.6) at 4°C. After decapitation or perfusion, the Tc was removed and fixed by immersion in the same solution overnight at 4°C. Next, the tissues were dehydrated with a series of ethanol solutions and embedded in paraffin. Transverse and sagittal sections (10 μm thick) were cut on a sliding microtome. The axis of the transverse section is shown in Fig. 1 . The sections were then processed for immunohistochemistry against GFAP and Vim, or for thionin staining according to Nissl.
Immunohistochemistry: Sections were rinsed twice in 0.01 M phosphate buffered saline (pH 7.4) with 0.03% Triton-X (PBS-T) for 10 min, and were pretreated with 1 mM EDTA (pH 8.0) for 3 min in an autoclave to remove the effect of aldehydes on the antigen-determinant groups. This was followed by incubation in 1% normal rabbit serum for 30 min at room temperature to avoid nonspecific background staining. A PBS-T rinse was performed after all preparation steps to neutralize any reagent residues. For immunohistochemistry, primary antibodies were mouse monoclonal antibodies against GFAP (1:400, Sigma, U.S.A.) or against Vim (VIM3B4, 1:100, Progen, Germany). Sections were incubated with the primary antibodies overnight at 4°C. The secondary biotinylated antimouse antibody (ABC kit, Nichirei, Japan) and streptavidin-HRP complex (ABC kit, Nichirei) were applied, and immunocomplexes were visualized using 3,3'-diaminobenzidine with 0.006% H 2 O 2 . Sections were rinsed in distilled water, mounted, and observed under a light microscope. For double-labeled immunostaining, rabbit anti-GFAP (pre-diluted, Nichirei) and mouse monoclonal antibody against Vim (VIM3B4, 1:100, Progen) were used as primary antibody, while rhodamine conjugated donkey anti-rabbit IgG (1:100, Chemicon, Japan) and fluorescein isothiocyanate conjugated donkey anti-mouse IgG (1:100, Chemicon) were used for secondary antibody. Thereafter, sections were rinsed and observed under a light microscope. Specimens were incubated in a moist chamber and antibodies were diluted in PBS-T. For identification and nomenclature of chicken Tc regions, we consulted the stereotaxic atlas of Kuenzel and Masson (1988) [16] .
RESULTS
All ependymal layers were lined with Nissl-positive cells. Height and immunoreaction of the various ependymal layers differed according to location around the LV. On the inner side of the LV, 2 patterns of ependyma were observed following immunostaining, while the outer side of the LV showed 4 distinct patterns.
Ependyma on the inner side of the LV: In the dorsal region including the hippocampus (Hp), the ependyma consisted of small pyramidal or squamous cells arranged in a single layer along the LV (Fig. 2a) . These cells possessed both Vim and GFAP with a single long process (Fig. 2b) . In the ventral region, namely, the septum, ependyma comprised low cubic pseudostratified epithelium of 3-4 layers. Most of these cells possessed neither Vim nor GFAP. Vim/GFAP double-positive (Vim + /GFAP + ) cells with fine processes were observed in the outer ependyma.
Ependyma of the outer side of the LV: On the dorsal edge of the LV and around the base of the lamina frontalis superior (LFS), the ependyma consisted of simple columnar or stratified high cuboidal epithelium (Fig. 2a) . Most of the cells in the ependyma contained Vim, and these cells extended Vim + in a single long process. Some Vim + cells also contained GFAP (Fig. 2b ).
In the hyperpallium (H), mesopallium (M), and nidopallium (N), ependyma consisted of simple low cuboidal epithelium along the LV (Fig. 3a) . Almost all cells expressed Vim, while few expressed both Vim and GFAP (Fig. 3b) .
Around the base of the lamina pallio-subpallialis (LPS), the ependyma consisted of thick stratified cubic cells (Fig.  4a) , which contained only Vim or Vim/ GFAP in the cell bodies, and extended Vim (Fig. 4b) .
In the BG, the ependyma consisted of a stratification of cubic cells thicker than around the base of the LPS (Fig. 5a) . However, most of these cells contained only Vim and Vim + / GFAP + was observed in only a few cells. Vim + cells were observed in the outer ependyma and extended long processes (Fig. 5b) .
Results of the outer side of the LV are summarized in Fig.  6 . GFAP single-positive cells, possessing several short processes, were observed in the outer ependyma. Sagittal sections showed long Vim + processes extending from the LV toward the olfactory bulbs (OB) in the LFS and the LPS (data not shown).
DISCUSSION
Morphological and phylogenetic variation of ependymal cells across various regions of central nervous system has been reported. In chicken and pigeon spinal cord, ependymal cells are immunonegative for both Vim and GFAP [5] , although some parts of ependymal cells in chicken optic tectum are immunopositive for GFAP [25] . In adult mammals, the constitution of the ependyma varies by region; the cortex, BG, and OB show differences in the ependyma that derive from differences in the VZ [24] . Therefore, we considered that the differences in ependyma reflect the differences in the Tc compartments in adult birds. In the present study, the morphological differences and the nature of ependymal cells by region were observed in the chicken Tc. On the outer side of the LV, 4 patterns of ependyma were observed, by the variable thickness and immunostaining for Vim and GFAP.
In the adult mammalian cortex, ependyma is simple layer shows the boundary between the ependyma and parenchyma.
Scale bars=25 m. and ependymal cells contain only Vim [24] . In the H, M, and N (the Tc area other than LFS, LPS, and BG), the ependyma was simple columnar cell layer and the ependymal cells contained Vim, not GFAP. Ependymal cells in the H, M, and N may be similar to those of the mammalian cortex. At the point of the ependyma, the H, M, and N may be considered as the pallium, although these regions were subdivided by glial developmental distribution [27] . The ependyma of the BG was thick and consisted of Vim [24] . On the basis of cellular characteristics, the ependyma of the BG in chickens may be similar to that in mammals. The subependymal layers are not detected in lower vertebrate [12, 19] . The thick Vim + cell layers outer ependyma in the chicken may correspond to the subependymal cells in mammals.
Around the bases of LFS and LPS, Vim + /GFAP + cells were located while they were few in the other regions. In our previous study, we observed long Vim + processes on the LFS, and LPS from embryo to young. Moreover, these long processes were the bounder of the compartment of the chicken Tc and continued into the OB [27] . In adult mammals, the root named rostral migratory stream (RMS) run from LV to OB, and the base of the RMS in mammals is the boundary between the BG and white matter [7, 8] . In the chicken Tc, there were 2 roots (LFS and LPS) from the LV to the OB, but the thicknesses of ependyma were changed between upper and bottom areas in LPS while the thicknesses were not changed between upper and bottom in LFS. This may show that the ependyma of LPS is more similar to the ependyma of RMS than that of LFS. Such findings suggest that the LPS may be the boundary between the BG and the pallium.
Taken together, the constitution and immunoreactivity of the intermediate filaments of the ependymal cells may mediate the compartmentalization of chicken Tc, which would support the new theory of a compartmentalized avian brain [13, 23] .
